When you are looking for a friend in a crowd it helps when he or she waves. This example suggests that dynamic items attract attention. Research using visual search tasks has indeed confirmed that, within static environments, dynamic items can guide or capture attention (McLeod, Driver & Crisp, 1988; Yantis & Jonides, 1984; Watson & Humphreys, 1995; Theeuwes, Kramer, Hahn & Irwin, 1998; Franconeri & Simons, 2003; von Mühlenen, Rempel and Enns, 2005) .
Recently, Pinto, Olivers, and Theeuwes (2006) investigated the complementary question, namely whether in a dynamic environment, a static object is able to efficiently guide attention. Imagine everyone is frantically waving to people they know -would it be easier to find your friend if he or she is the only one who does not wave? Given that dynamic items attract attention, one might expect this to be quite difficult. However, Pinto et al. (2006) have found that when all items are blinking or moving except one, the dynamic items can be largely ignored and attention can be efficiently directed to the static target.
In Pinto et al.'s (2006) study the static item was always the target and participants were aware of this. In other words, the fact that it was static was a task-relevant feature of the target. Therefore, it is not clear if attention went to the static item because it matched the top-down settings of the participants, or whether attention was captured in an involuntary way. The present study intended to resolve this issue by using conditions in which the fact that an item was static was irrelevant to the task. For this purpose, we employed the irrelevant-feature search task developed by Yantis and Jonides (1984) . As in a typical search task, participants search for a target item among a variable number of distractors. However, instead of the target always carrying the feature of interest, this feature is assigned to a randomly chosen item in the search display. Consequently, the object with the unique feature is the target in only 1/nth of the trials, with n indicating the number of items in the display. As the feature is uncorrelated with being the target, participants presumably have no top-down incentive to search for it since it is irrelevant to the task. Nevertheless, if the feature of interest draws attention automatically, one should still find improvements in search efficiency when the feature happens to coincide with the target. In other words, reaction times (RTs) as a function of search set size should be reduced. In our case, the unique feature of interest was being static.
Existing psychophysical theories offer two opposite predictions regarding the question whether or not a static object should automatically guide attention in a dynamic environment. Yantis and colleagues (e.g. Jonides & Yantis, 1988; Yantis & Egeth, 1999; suggest that the creation of a new perceptual object or group automatically draws attention. The abrupt onset of an object is a prime example of such a new object appearance, and has been found to capture attention, whereas a sudden increase in luminance of an existing object may be less effective . Franconeri and Simons' (2003) findings suggest that specific types of motion (such as looming) may also involuntarily draw attention, as long as these events are ecologically relevant to the organism. Finally, Von Mühlenen et al. (2005) argue that in principle any dynamic change could capture attention, as long as there are no temporally neighbouring changes. Important for the current study is that all these views, which we will refer to as the dynamic capture hypothesis, predict that a static object does not automatically guide attention in a dynamic environment, since it does not indicate the appearance of a new object, it is not dynamic, and it does not undergo a change when the environment is stable (rather the reverse).
A different prediction can be derived from the views of for example Theeuwes (1992; 2004) , Itti and Koch (2000) and Nothdurft (1993) . In their view, attention is not driven by the specific quality of a feature (such as being dynamic), but by the difference between a feature and its (local) environment. The more salient a feature difference, the more likely that it draws attention. According to this saliency account a static item surrounded by dynamic items will automatically draw attention, since it carries a unique feature relative to its surroundings.
In the current study we investigated if a static object automatically guides attention in a dynamic background. We conducted three experiments in which the irrelevant-feature search task was employed.
Experiment 1: Does a static object automatically guide attention?
In Experiment 1, participants searched for a non-tilted line segment among tilted line segments and indicated if the target was vertical or horizontal. Example displays are shown in Figure 1 . We presented participants with two types of blocks. In the 'irrelevant' block all line segments except one were continuously blinking on and off. The static element coincided with the target in 1/n-th of the trials, with n indicating set size, and 6 therefore was not predictive of the target. In the 'relevant' block all elements except one were blinking, and now the static element was always the target. If the dynamic capture hypothesis is correct, then the static item should not capture attention at all, and performance in the irrelevant block should be similar regardless of the target being static or dynamic. However, if the saliency account is correct then the static singleton should involuntarily draw attention and the target should be more efficiently found when it is static than when it is dynamic. Furthermore, if top-down factors play no role in directing attention to the static object, then performance for a static target should be similar regardless of whether being static is relevant or not.
Participants: Eight participants, ranging in age from 18 to 22 years, average 19.6 years, took part as paid volunteers. All participants completed all of the conditions. All had normal or corrected-to-normal vision. were independent of the other items, and independent of the item's previous switch times.
The irrelevant condition was the same as the relevant condition, except that now the static object was the target in 1/nth of the trials and a distractor on all other trials, with n indicating set size (i.e. if there were four items in the display the static object was the target in 25% of the cases and a distractor in 75% of the cases). Thus, there were two kinds of blocks: In the relevant blocks, the static item was always the target and all distractors were blinking, in the irrelevant blocks the target was mostly a blinking item (with one of the distractors being static), but in 1/n-th of the trials the target happened to be the item (and all the distractors were blinking). Therefore, there were two types of trials in the irrelevant block. Irrelevant, static target refers to these trials in the irrelevant block, where the target happened to be static. Irrelevant, blinking target refers to these trials in the irrelevant block, where the target was a blinking item among other blinking items. In all conditions set sizes varied randomly within a block, between 4 and 8 (i.e. 3 or 7 distractors plus one target). Within each block, on two thirds of the trials set size was 8 and on one third of the trials set size was 4. This was done in order to have equal numbers of static target trials for both set sizes in the irrelevant, static target condition.
The order of the blocks was repeated every four blocks. In each sequence of four blocks there was one relevant block, and three irrelevant blocks. For half of the participants the relevant block was the first of the four blocks, for the other half the relevant block was the last of the four blocks. The task was to determine the orientation of the target element.
Participants pressed "z" for vertical, and "m" for horizontal lines. The task was assumed to require focal attention to be directed to the target element. Before every block started, there appeared a text on the screen instructing the participants either to attend to the static object (since it was always the target), or that attending the static object was not benificial (since the static item and the target only coincided at chance level). Participants were instructed that both speed and accuracy were important. The first four blocks were disregarded as practice. The other eight blocks were included in the analyses. The experiment took approximately 45 minutes, with breaks between the blocks.
Results
Error percentages were overall low (see Table 1 ), and an ANOVA revealed no significant effects. There were no signs of a speed accuracy trade-off. We will therefore concentrate on the mean RTs of the correct trials.
Trials on which RTs were two and a half standard deviations away from the mean were excluded from analysis, resulting in a loss of approximately 3% of the trials. See It is also important to look at intertrial priming. Maljkovic and Nakayama (1994) showed that features associated with the target on the previous trial attract attention on the current trial. Changing the proportions of different trial types (as we did here) not only changes presumed top-down settings, but also changes intertrial contingencies (see Olivers & Humphreys, 2003 , for a more extensive argument). Although such effects are still automatic, they are not the type of attentional guidance we are interested in here. To investigate this possibility, we repeated the analyses with the exclusion of static target repititions in the irrelevant block. Although, numerically, effects were somewhat weakened, an analysis of the data with inclusion as a factor (2 levels: target repetitions included versus target repetitions excluded), revealed no significant interactions of search slopes with this factor in this or subsequent experiments (all Fs < 1.6, all ps > 0.24).
Thus, with respect to search slopes, the overall pattern of results remained the same whether static target repetitions were included or excluded.
Experiment 1 shows that participants benefit from the target being static in the irrelevant blocks, even though in this condition they presumably have no top-down incentive to prioritize static items. Furthermore, the search slopes for the static target are similar in the relevant and the irrelevant blocks. These findings not only indicate that the static object automatically guides attention, but also that adding a top-down incentive to actively go and look for it does not add anything to the efficiency of search. Nevertheless, participants are overall slower to react when they are automatically guided by the static target, compared to when they voluntarily attend to it. This suggests that top-down settings may affect non-selection processes, such as response factors (e.g. after several trials with a dynamic target, the 'surprise' that the target is static might slow down the response).
Note however that search slopes were overall quite high and far from efficient even in the relevant conditions (i.e. around 40 ms/item), especially when compared to the equivalent conditions in Pinto et al. (2006;  typically between 10 and 20 ms/item). In this sense it is difficult to argue for strong bottom-up attentional capture by static objects.
Instead, we argue for prioritization or guidance. We will return to this point in the General Discussion.
Another important objection to the conclusion that the static object automatically guides attention may be that the inclusion of a relevant block may have given participants the incentive to pay attention to static items, even in the irrelevant blocks. To investigate if the attentional guidance observed in Experiment 1 was due to such top-down factors, Experiment 2 was conducted.
Experiment 2: The attentional guidance is not due to carry-over effects Experiment 2 investigated whether the attentional guidance observed in Experiment 1 could be the result of residual top-down effects. Although in the irrelevant blocks of Experiment 1 participants were explicitly told that attending to the static item was not beneficial, it may be that because participants were set to search for the static object in the relevant block they were inclined to do so also in the irrelevant blocks. To control for such possible carry-over effects of top-down settings from the relevant blocks to the irrelevant blocks, we replicated Experiment 1, but without the relevant blocks. If the observed attentional guidance in Experiment 1 was due to carry-over effects, then in Experiment 2 we expect to see no difference in performance whether the target is static or dynamic. However, if the attentional guidance in Experiment 1 was the result of automatic processes, then we expect search slopes again to be shallower when the target happens to be static than when it is dynamic.
Method
Eleven new participants, ranging in age from 18 to 35 years, average 22. 
Results and Discussion
Error percentages were overall low (see Table 1 ), and an ANOVA revealed no significant effects nor any signs of a speed accuracy trade-off. We will therefore concentrate on the mean RTs of the correct trials.
Trials on which RTs were two and a half standard deviations away from the mean were excluded from analysis, resulting in a loss of approximately 3% of the trials. See INSERT FIGURE 3 positions. Applied to the current case, this would imply that the target on most trials would be flipping back and forth, making it impossible to determine whether it is vertical or horizontal. Therefore, in the current experiment we used stimuli that allowed for discrimination of the target even if it was moving. The stimulus field consisted of white line segments (size 0.87°) with a gap in the middle (size 0.26°) and one white line segment with a gap above or below the middle (distance from the middle 0.17°). The task was to find the only object with a gap not located in the middle, and to indicate if the gap was above or below the middle by pressing the 'k' and 'm' keys respectively. There were two types of dynamics and three relevance conditions (relevant, irrelevant, static target and irrelevant, dynamic target as in Experiment 1). When the dynamics were set to blinking all items except one were blinking. When the dynamics were set to moving, all items were moving horizontally back and forth (over a distance of 0.46° per movement, rate of motion was the same as the blinking rate) except one. Neither direction (left or right) nor moment of change were correlated between the items. The order of the blocks was repeated every six blocks. In every sequence of six blocks there were four possible orders (which remained the same throughout the experiment, but differed per participant). First, blocks alternated between blinking and moving, with either starting first. Second, within these two types of sequences, either the first or the last two blocks were the relevant blocks, the other four the irrelevant blocks. The same number of participants was assigned to each of the four orders. The first six blocks were disregarded as practice. The other 12 blocks were included in the analyses. The experiment took approximately 60 minutes, with breaks between the blocks.
Error percentages were overall low (see Table 1 ), and an ANOVA revealed no significant effects nor were there signs of a speed accuracy trade-off. We will therefore concentrate on the mean RTs of the correct trials.
Trials on which RTs were two and a half standard deviations away from the mean were excluded from analysis, resulting in a loss of approximately 2% of the trials. See As in the previous experiments, static targets received priority even when static items were not relevant to the task. Experiment 3 shows that this result generalizes to motion stimuli. For both blinking and moving environments, search for a static target was more efficient than for a dynamic target regardless of whether static was a relevant feature or not. The only difference between the relevant and irrelevant static target search was an overall RT effect, again suggesting that top-down factors affect post-selection processes, rather than the saliency of the static item per se.
In the present study we employed the irrelevant-feature search task to investigate if static items automatically guide attention in a dynamic environment. All three experiments suggested that, to some degree, static objects involuntarily guide attention.
Experiments 1 and 3 showed that making the static object task-relevant did not make search more efficient than when the static object was task-irrelevant. Experiment 2 demonstrated that this was not due to inadvertent carry-over effects between task-relevant and task-irrelevant conditions. Furthermore, Experiment 3 showed that a static object is equally effective in guiding attention among moving as among blinking objects.
In all experiments search slopes were considerably shallower when the target was static than when it was dynamic, but at a rate of 40 ms/item, search was still far from parallel. Obviously then, the automatic guidance by static items here was not an all-ornone phenomenon. It may have been the case that the static item drew attention on some, but not all, trials, or that that the attentional weight assigned to the static item was insufficiently strong to immediately receive priority over all other items in the display (see Todd and Kramer, 1994 , for a similar argument). Note that relatively high slopes have not precluded the conclusion of automatic attentional guidance in the past (e.g. . Higher slopes mean that the static item is not always optimally salient, but when it is, it is prioritized automatically.
The question then is why the static item may occasionally evade capture. The answer may lie in the fact that, in the current study, the target is most often a dynamic object in a dynamic environment, and therefore hard to find. This may have caused participants to adopt a conservative, serial, search mode, using a relatively small attentional window (e.g. Belopolsky, Zwaan, Theeuwes & Kramer, in press ).
Alternatively, participants may have adopted a specific feature search mode (looking for specific orientation) instead of a more global singleton search mode (Bacon & Egeth, 1994) . In turn, such a narrowed spatial window or search mode may then have hindered search when the target was static. This suggestion is also supported by the results of Pinto et al. (2006), who found search for a static target in a dynamic surrounding to become less efficient when in some other blocks within the same experiment the target was actually dynamic and therefore hard to find.
To see if such context indeed plays a role, we ran another experiment in which participants searched for a static target amongst dynamic distractors (using the same displays as in Experiments 1 and 2), but now without the irrelevant blocks (i.e. the static item was always the target). On average across 6 participants, for the set sizes employed here (i.e. 4 to 8), search slopes dropped below 10ms/item again [8.5 ms/item; not significantly different from zero (p=0.2), but significantly different from the search slopes of the relevant condition in Experiment 1 (p < 0.05)], confirming the idea that the inclusion of an irrelevant block may induce a different type of search mode. Note that this suggestion implies that given the right circumstances, i.e. when the static object is the target in all blocks, participants can adopt a search strategy that allows them to increase search efficiency. This means that there still is some top-down contribution to the efficient detection of a static object, albeit a relatively crude version: The top-down control is in the overall spatial distribution of attention, not in the selective prioritization of a static/dynamics feature.
A special role for dynamic capture?
Several researchers have used the irrelevant-feature search task to investigate which features involuntarily capture attention. This has yielded a couple of influential accounts, such as the new object hypothesis (Jonides & Yantis, 1988; ) and the unique event hypothesis (von Mühlenen et al., 2005) . Although the accounts differ, they all claim that dynamics are essential for capturing attention. The current result, that a static object involuntarily draws attention in a dynamic setting, provides a clear example of a non-dynamic property automatically guiding attention in the irrelevant-feature search task. Thus, the present findings seem to pose a problem for any account that suggests that features essentially need to be dynamic in order to draw attention.
According to the saliency account (e.g. Theeuwes, 1991 Theeuwes, , 1992 , whether or not an object attracts attention depends on the relative feature difference between the object and its background. The current results seem to fit neatly into the saliency account, since the static object was unique relative to its surrounding, and therefore more salient than the other items. According to this account, the static/dynamic distinction is no more special than a very distinctive color, shape or any other feature. An interesting corroboration of this conclusion comes from Pashler and Harris (2001) . They found that when participants were to describe or aesthetically judge a display, a unique item was most likely to be reported. This was true when the unique item was a flashing item in a static environment, but importantly the reverse also held. When the unique object was a static object surrounded by flashing objects, it was still the most reported item.
However, note that both Theeuwes (1991 Theeuwes ( , 1992 and Pashler and Harris (2001) used a somewhat different paradigm than the irrelevant-feature task employed here and elsewhere. In fact, whenever the irrelevant-feature paradigm has been applied to features other than dynamic properties, no evidence of attentional capture has been found (Jonides & Yantis, 1988; Yantis & Egeth, 1999) . This discrepancy may be (and has been) explained in terms of different search modes (Bacon & Egeth, 1994) or differently sized attentional windows (Theeuwes, 2004) . But, in any case, on the basis of the task used here, we cannot exclude the possibility of a special status for the static/dynamic distinction.
Perhaps then, both the saliency account and the dynamic capture hypotheses are both partly true. The saliency account correctly suggests that not features per se, but feature differences determine which items capture attention. The dynamic capture hypotheses might be correct in stating that the dynamics dimension is intrinsically more important than other dimensions, and that feature differences within the dynamics dimension are even more effective than other feature differences in capturing attention.
Thus, new objects capture attention, but static items in a dynamic environment do as well, since they are both unique with regard to their dynamic properties (cf. Von Mühlenen et al, 2005) .
This hybrid view above also accounts for what appears to be a search asymmetry (Treisman & Gormican, 1988) . Search for a static object surrounded by blinking items yields search slopes significantly higher than 0 ms/item, whereas the reverse case, the search for a blinking item in a static background, probably yields search slopes that are close to 0 (this, to our knowledge, has never been explicitly tested, see Watson and Humphreys (1995) for a manipulation that comes close).
Thus, although any salient difference may attract attention, there appears to be an attentional bias on top of that towards dynamic items. This may be due to life-long experience, in which dynamic objects are usually the ones to look out for. Interestingly, a similar asymmetry disappears with extensive training. Untrained participants are more efficient at detecting a motion-form conjuntion among static distractors than a static-form conjunction among dynamic distractors. However after approximately 1000 practice trials, search for these latter conjunction targets becomes equally efficient (Müller & von Mühlenen, 1999) .
Another influences on search efficiency was the earlier mentioned finding that search for a static target in a dynamic environment becomes less efficient, when the task is interleveled with blocks containing a very difficult search task (such as a blinking target among blinking distractors). It seems unlikely that adding a difficult block would affect entirely efficient pop-out search (such as a green target among red distractors) in the same way it affects search for a static target in a dynamic background here. However, since search for a static target among dynamic distractors is not completely efficient to begin with, this may make the task more sensitive to difficulty (or search mode) manipulations, than a task that allows for obvious pop out from start.
Conclusion
We found that a static object involuntarily draws attention when it is surrounded by dynamic items, regardless of the type of dynamics (i.e. moving or blinking). This finding is a clear example of a static feature being prioritized within the irrelevant-feature search task and therefore necessitates a modest revision of current theories on automatic attentional guidance. We conclude that feature differences in general, but especially dynamic feature differences, are essential for the involuntary guidance of attention. 
